Summary:
A (Hayashi et al 1975 , Honda, 1982 .
The purpose of the present prospective study was to investigate the changes in ICP during rapid eye movement (REM 
Materials and Methods
The ICP during sleep was observed in six infants with hydrocephalus.
Four of the infants had congenital hydrocephalus and two had postmeningitic hydrocephalus (Table 1) . A paper strain gauge transducer was connected to the anterior fontanelle and fixed by a guide ring with three foot points which were attached to the scalp around the anterior fontanelle.
A detailed description of the method has heen published elsewhere (Hond, 1982 All the patients were reviewed with respect to clinical symptoms, head circumference and ventriclar size by CT-scan. Studies of CSF dynamics by RI-cisternography were performed five times on four of the cases. The length of follw up ranged from 10 to 34 months and their development was evaluated by Tsumori's method (1978 Tsumori's method ( , 1980 . They were divided into three developmental groups i, e., normal with a score greater than 80, borderline with a score of 70 to 79, impaired with a score less than 69. The ICPs of a control group of five normal infants from 2 to 6 months of age were monitored using the same method.
Results
The ICPs of the five normal infants from 2 to 6 months of age are shown in Fig. 1 All the normal infants had an ICP during REM sleep with both plateau waves and spiky sharp waves(B waves) as described by Lundberg (1960) . In a 6 month old infant, the peak value of the plateau wave was as high as 180 mmH2O, and the pulse wave amplitude increased to almost 100 mmH2O.This suggested that in normal infants the ICP remained less than 200 mmH 20 during sleep, and the pulse wave amplitude increased with age. These patients were classified into three groups according to the presence of a B wave, the pulsewave amplitude during non -REM sleep, and the eight of the plateau wave during REM sleep (Table 1) . There was a good correlation between the ICP results and the clinical manifestations.
The first group consisted of two patients, one with postmeningitic hydrocephalus and the otherwith congenital hydrocephalus. Both were clinically arrested as indicated by normal increases in head circumf erence (Fig. 4) . A mild ventriculomegaly was demonstrated on the CT-scan in each patient. The CSF flow was abnormal in the patient with postmeningitic hydrocephalus (Fig. 5) . This infant appeared to partially resolve the ventricular size on the CT scan (Fig. 3) and normalize the CSF circulation by the age of 13 months (Fig.  5) . There was no abnormality of CSF flow in the infant with congenital hydrocephalus. Neither infant demonstrated psychomotor retardation. In the infant with congenital hydrocephalus, as shown in Fig. 2 (Fig. 2, 3 ). The second group also consisted of two infans, one with congenital hydrocephalus. Both were severely impaired as indicated by the scores of 25 and 32 in development and teh head circumferences (Fig. 7) . The other infant with postmeningitic hydrocephalus had no change in moderate ventriculomegaly by a serial CT-scan, as shown in Fig. 6 . A CSF flow study in this infant demonstrated a ventricular reflex and a delayed clearance (Fig. 8) During REM sleep, the plateau wave was less than 250 mmH2O during subsequent measurements of the ICP (Fig. 6 ). This data suggested that the brain of these two infants had already been im- The third group consisted of two infants with congenital hydrocephalus (Table 1). In one of the two infants, the ICP during non-REM sleep was almost always at 150mmH2O, and the pulse wave amplitude was near 40mmH2O when the patient was five months old. Subsequently, the pulse wave amplitude increased to 100 mmH2O at the age of eight months. The same data from ICPs was obtained in the other infant during non-REM sleep.
During REM sleep, the value of the plateau pressure wave remained approximately 240-250mmH2O until the patients were 5 and 7 months old. Then it increased to more than 250mmH2O at the age of eight months and was almost 310mmH2O at the age of ten months (Fig. 9) .
No sign or symptom of increased intracranial pressure was noticed in either Clinically, the head circumference and ventriculomegaly on the CT-scan were intermittently evaluated simultanous with the ICP monitoring.
Progressive ventricular dilatation and a significant increase in head circumference were observed after 9 months of age in both patients (Fig.  10) . This was followed by a marked increase in the plateau pressure wave during REM sleep, as mentioned above. 
Discussion
It is generally accepted that cerebral pulse wave amplitude in adults increases in relation to the ICP, as Cushing reported (Lundbere, 1960) . The cerebral pulse wave amplitude in infants is affected by age, thickness of cerebral mantle, as well as the ICP (Granhalm et al. 1974 ). This implication is very important when the pulse wave amplitudes in infants with hydrocephalus are evaluated. There are some studies on the relationship between ICP and sleep, Symon (1972 Symon ( , 1975 , Granholm (1974) and AllainPierre-Kahn (1976) observed an increase in ICP during sleep. Allian-Pierre-Kahn (1976) observed that plateau waves occurred duing REM sleep, and they suggested that the factor responsible for the transient elevation in ICP during REM sleep was an increase of cerebral blood volume. Considering the pressure-volume relationship described by Granholm (1974) for the hydrocephalic infants of the third group, it seemed that the ICP might be near the break point of the pressure-volume curve. A slight increase in cerebral blood volume during REM sleep may produce a large increase in ICP i. e., a plateau wave more than 250mmH2O. 
